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Abstract
Positron annihilation induced Auger spectra from the Si(100) surface exposed to hydrogen and oxygen are
analyzed by performing calculations of positron surface states and annihilation characteristics of surface trapped
positrons. Positron binding energies and work functions are also computed. It is found that the adsorption of
hydrogen and oxygen on the Si(100) surface leads to a displacement of the positron surface state wave function
away from the substrate Si atoms. As a result of this displacement, the overlap of the positron wave function with
Si core electrons and, consequently, the annihilation probability of Si core electrons reduce, in agreement with
experimental data. 7 2000 Elsevier Science Ltd. All rights reserved.
1. Introduction
The adsorption of hydrogen and oxygen on a Si sur-
face has attracted increased interest due to the appli-
cations of these processes in device technology.
Hydrogen adsorption is used mostly to lower the sur-
face energy of Si and thus stabilize the Si surface prior
to molecular beam epitaxy. It is also used to produce
an inactive Si surface for other device fabrication pro-
cesses. However the diculty of detecting hydrogen
using standard surface spectroscopies leaves many
open questions regarding the behavior of the absorbed
hydrogen on a semiconductor surface. Oxygen adsorp-
tion is of interest due to its significance in Si device
processing and in metal-oxide semiconductor device
fabrication. Numerous studies of oxygen absorption
have been directed towards better understanding of the
formation of SiO2 and a Si/SiO2 interface. Neverthe-
less, the initial stages of oxidation of a semiconductor
surface are still not well understood.
Recently the adsorption of hydrogen and oxygen on
the Si(100) surface has become the subject of exper-
imental studies using a novel surface characterization
technique, positron-annihilation-induced Auger-elec-
tron spectroscopy (PAES) (Weiss, 1992; Kim et al.,
1998). In PAES experiments, most of the low-energy
positrons implanted into the sample under study dif-
fuse back to the vacuum–solid interface and are
trapped into a surface state. A certain fraction of sur-
face-trapped positrons annihilate with neighboring
core-level electrons, creating core-hole excitations and
initiating Auger processes (almost exclusively in atoms
in the topmost layer). Since PAES intensities are sensi-
tive to the spatial distribution of the positron wave
function at the surfaces of interest, the method has
already been used to selectively obtain chemical infor-
mation from the topmost atomic layer and to clarify
the nature of the positron surface state (Weiss, 1993).
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